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In differing parts of the world dis-
eases of the teeth and of their sEpporting 
structures assume roles of varying impor-
tance according to prevalence and seve-
rity. Although neither as yet can be total-
ly prevented or cured the more advanced 
countries have shown that preventive 
measures, undertaken energetically, are 
effective in lowering the incidence of den-
tal caries and of periodontal disease. 
In Malta public dental health and 
education are still in their infancy. A low 
incidence of dental caries as compared 
with some other countries is probably due 
to naturally occurring fluoride of almost 
optimal concentration in the water sup-
plies. However it has also been shown that 
the oral soft tissues are attacked early and 
predispose to the periodontal pathology 
that is common in the 2.dult pODulation 
and that presents as the Island's major 
dental health problem (Olivieri-Munroe, 
1968). This has been further confirmed by 
the fact that after 30 years of age, causes 
of tooth loss are predominantly periodon-
tal (Camilleri, 1966). 
The aetiology of periodontal disease 
is complex but primarily extrinsic in na-
ture. Neglect of oral hygiene, and forma-
tion of supra- or sub-gingival calculus play 
a large part in its causation. However, the 
soft tissues of the mouth are in no way 
unique and are also influenced by systemic 
factors that can affect the body tissues in 
general. These include hormonal, dietary 
and other factors and many have been 
implicated in the causation of or predispo-
sition to periodontal disease, or merely 
in altering the oral tissues response to 
local injurv. In this context, the possible 
role of diabetes mellitus is of great inter-
est especially in these Islands where it 
has been shown that its incidence is high 
(Zammit Maempel. 1965). 
The effects of diabetes on the health 
of the oral cavity have been much debat-
ed. Of the more recent investigations, 
Sandler and Stahl (1960) found a signifi-
cantly higher prevalence of periodontal 
disease in natients with diabetes. Belting 
et al. (1964) noted that the severity of 
periodontal disease among diabetic patients 
was significantly greater than among non-
diabetics and concluded that this was an-
other manifestation of the peripheral vas-
cular occlusive disorders associated with 
this condition. Stahl et al. (1962) found 
by gingival biopsy that peripheral vascu-
lar changes were to be found, with in-
creased thickening of arteriolar walls and 
decreased lumen size. These findings were 
confirmed and extended to pre-diabetes by 
McCullen et al. (1965). Animal experi-
ments by Cohen et al. (1966) produced 
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similar results. Using Chinese hamsters 
with spontaneous hereditary diabetes he 
observed that severe periodontal changes 
appeared earlier in life and were of longer 
duration. 
On the other hand, Ray and Orban 
(1950) found no correlation between seve-
rity of gingivitis and state of control of 
diabetes. Shannon and Gibson (1965) also 
could not relate periodontal disease with 
glucose tolerance in their study. 
It would appear that opinion today is 
inclined to deny diabetes a cause and ef-
fect relationship in periodontal pathology; 
however it would seem that this systemic 
disorder can modify and probably accen-
tuate the gingival or periodontal lesion 
initiated by local injury or irritation, by 
alteration in the host's resistance or repair 
potential to local injury (Stahl, 1966). 
Diabetes mellitus is of some impor-
tance in dentistry. As already seen, its 
possible role in the aetiology of periodon-
tal disease is still under investigation. 
Lowered tissue resistance to trauma or 
infection make this type of patient a pos-
sible hazard when undertaking oral sur-
gery under local anaesthesia. The meta-
bolic instability of such patients makes the 
necessity for general anaesthesia even 
more hazardous. It has also been postu-
lated that dental treatment by elective 
periodontal surgery or tooth extractions 
where indicated and subsequent eradica-
tion of chronic inflammatory processes in 
the mouth may lead to a decreased insulin 
requirement in some patients (Williams 
and Mahan, 1960; D'Ingianni, 1946). Fur-
thermore, a knowledge of the oral symp-
tomatology of this disorder may be use-
ful in helping to diagnose the undetected 
diabetic and referring him for suitable 
medical treatment. 
In view of the high incidence of dia-
betes in Malta, a study of patients attend-
ing the Diabetic Clinic, St. Luke's Hospi-
tal has been in progress since 1964. The 
objects of this study had been to ascertain 
the role of the disease in conditions of the 
mouth and in the incidence of complica-
tions following oral surgical procedures 
and their prevention. 
This particular report is restricted to 
diabetes 8nd periodontal disease. A fur-
ther study dealing with oral symptomato-
logy in this disease and associated radio-
graphic bone changes has also been com-
pleted. 
Materials and methods 
The number of patients examined is 
seen in Table I. Juvenile diabetics were 
few and this report has been restricted to 
166 patients from 40 to 60 years. These 
were all under treatment at the Diabetic 
Clinic and were referred to the Dental 
Department, st. Luke's Hospital for rou-
tine examination or at their own request 
for some aspect of dental treatment. 
TABLE I 
Total number of diabetic patients 
examined 
Age jvlales Females Combined 
30-39 18 14 32 
40-49 21 43 64 
50-59 38 64 lO2 
60-69 21 47 68 
70-79 5 6 11 
103 174 277 
All patients in this study were exam-
ined by one investigator under standard 
dental conditions. In order to avoid any 
bias the diabetic status of each patient 
was not known until after the study was 
complete. The teeth were charted by the 
D.M.F. method for dental caries (W.H.O., 
1962). Periodontal conditions were scored 
by the Russell (P.!.) index (Russell, 1956). 
Periodontal disease was further assessed 
by recording mobility of the teeth (Sheri-
dan et aI., 1959) and recession of the gin-
gival margin to or beyond the cemento-
enamel junction (Stahl et aI., 1955). Tooth 
brushing habits were recorded. Attendance 
for past dental treatment was grouped 
under the following heading: "never, 
emergency only, or regular visits". 
Some of the patients examined re-
quired treatment involving dental extrac-
tions. These were carried out by one ope-
rator under local anaesthesia (Lidocain 
hydrochloride with epinephrine 1:50,000). 
The number of occasions on which "dry 
socket" followed extraction was recorded 
as an example of post-operative compli-
cation and related to fasting blood sugar 
levels. Dry socket was diagnosed as pre-
sent in cases of severe pain three to four 
days after extraction, together with a nec-
rotic or absent blood clot in the tooth 
socket, bare bone or interdental septa 
and foul odour. 
The condition of the periodontal tis-
sues as shown by the P.!. results was re-
lated to the following data obtained from 
the patients' records in the Diabetic Cli-
nic, namely: 
1. length of known diabetes. 
2. type of diabetic therapy, i.e. 
(a) diet only 
(b) oral hypoglycaemic drugs 
(c) insulin 
3. obesity. 
4. fasting blood sugar. 
5. two-hour blood sugar. 
6. presence of diabetic complic-
ations. 
The fasting blood sugar and two-hour 
blood sugar figures were obtained from 
glucose tolerance tests performed in the 
Pathology Department, St. Luke's Hospi-
tal by Harding's titrimetric method as mo-
dified by Asatoor and King. (Harding and 
Downs, 1933; Asatoor and King, 1954). 
Diabetic complications were recorded 
under three broad headings, namely, reti-
nopathy, nephropathy, and neuropathy. 
The diagnosis of retinopathy, following 
examination by the Ophthalmology De-
partment was based on the presence of 
microaneurisms, haemorrhages or exu-
dates; of nephropathy by proteinuria and 
of neuropathy by symptoms of pain or 
tingling of the extremities, vibratory seme 
impairment or decreased to absent deep 
tendon reflexes in the lower extremities. 
Results 
The relationship between duration of 
diabetes and periodontal disease were stu-
died. The results are shown in Table H. 
There appeared to be little relation 
between these two factors, with high P.lo 
values obtained for the shortest and the 
longest duration of diabetes. 
TABLE II 
'1 I ... 
The incidence of periodontal disease (P.!.) 
in diabetic patients 40~59 years old, 
grouped according to the duration 
of the general disease 
Duration of diabetes 
o 6 months 
6 m. 4 years 
5 9 years 
10 - 14 years 
15 - 19 years 
20 years + 
P.I. Index 
3.0 
3.1 
2.6 
2.7 
1.8 
4.0 
Obesity, a common finding in this 
metabolic disorder, was also related to the 
P.!' index (Table Ill) but again there ap-
peared to be no direct relationship between 
incidence of periodontal disease and the 
weight of diabetic patients. 
" 
TABLE III 
The incidence of periodontal disease (P.I.) 
in diabetic patients aged 40-59 years, 
grouped according to obesity 
Obes'ty P.I. Index 
normal to -I- 5 lbs. 2.9 
+ 6 to 15 Ibs. 3.0 
+ 16 to 25 lbs. 2.8 
+ 26 to 35 lbs. 2.8 
+ 36 to 45 lbs. 3.9 
+ 46 lbs. and over 3.0 
The treatment given to these patients 
is often taken as an indication, among 
others, of the severity of their diabetes. 
Thus patients who respond satisfactorily 
to dietary control are regarded as mild 
diabetics with those on insulin therapy 
on the other end of the scale. Patients 
receiving oral hypoglycaemic drugs would 
fall into an intermediate position. Under 
these three headings (Figure 1) the patients 
were divided into two groups, those of 
40-49 and 50-59 years. Treatment of dia-
betes was then related to periodontal dis-
ease. In both age groups t.here appeared a 
definite gradient of periodontal severity, 
being mildest in those under dietary con-
trol only and most severe in those receiv-
ing insulin. The oral condition in those 
receiving oral hypoglycaemics fell in 
between these extremes. A consistently 
higher P.I. score was also obtained in the 
older group of patients as compared with 
the 40-49 group. 
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Figure 1: The incidence of periodontal disease, (P.I.) in patients aged 40 g 49 and 
50-59 years grouped according to treatment for diabetes mellitus. 
Another index of diabetic severity is 
the level of blood glucose. For this pur-
pose, the fasting blood sugar and two-hour 
blood sugar were utilised. In Figure 2 the 
P.I. index was related to the fasting blood 
sugar in patients from 40 to 59 years. As 
values for blood-sugar rise there is a 
steady increase in the incidence of perio-
dontal disease with a peak of 5.0 (P.I.) 
occurring at the maximum blood sugar 
level of 270mg./100 ml. Fairly similar re-
sults were obtained for the two-hour blood 
sugar values (Figure 3). The peak in perio-
dontal severity was reached only with the 
peak in sugar values (P.L, 3.8 and two-
hour sugar value of 360-399mg./lOO ml.). 
Thus in both cases the level of blood sugar 
appeared to be related to the severity of 
periodontal disease. 
It was also attempted to relate the 
incidence of periodontal disease to that of 
diabetic complications. The complications 
were grouped 'under the three headings 
of retinopathy, nephropathy, and neuro-
pathy. The P.I. index was related to none, 
to one, I)r to two or to more of these 
groups of complications (Figure 4). A 
small but definite rise in P.I. values was 
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Figure 2: The incidence of periodontal disease, (P.I.) in diabetic patients grouped 
according to levels of fasting blood glucose. Patients aged 40-59 years. 
obtained in patients with one type of com- TABLE IV 
plication as compared to those with none Number of "dry sockets" 
and this became a marked rise in those occurring following tooth extraction 
with two or more complications. in patients grouped according to levels 
The number of dry sockets that deve- of fasting blood sugar 
loped after dental extraction is seen in No. of Dry Fast:ng 
Table IV, related to levels of fasting blood extractions sockets blood sugar 
sugar. 25 4 110 mg.jlOO ml. 
The whole series of 227 patients (30 36 6 110-160 mg.jlOO ml. 
to 79 years) were routinely examined for 26 1 160-210 mg.jlOO m!. 
incidence of dental caries. In view of the 14 0 210-260 mg.j100 ml. 
fact that D.M.F. figures for adults in 11 1 260 + mg.j100 ml. 
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Figure 3: The incidence of periodontal disease, (P.I.) in diabetic patients grouped 
according to levels of 2-hour blood glucose. 
Malta are not yet available, the results 
have been included in this report (Table 
V). A relationship between diabetes and 
dental caries has not been demonstrated 
and it is reasonable to assume that these 
figures are very broadly representative of 
the population even coming from such "-
specialised sampJ '::!. 
Discussion 
Some investigators in this field have 
attempted to classify diabetics into various 
groups, such as mild, moderate or severe. 
This simplifies matters to some extent but 
TABLE V 
The D.M.F. levels in male and female 
diabetic patients aged 30 to 79 years 
Age D.lVI.F. 
Males Femalds 
30-39 11.2 9.6 
40-49 12.9 11.9 
50-59 15.1 15.4 
60-69 17.9 19.9 
70-79 23.0 16.5 
is open to some criticism as it is relatively 
easy to group the very mild and the very 
severe cases but it can be difficult to fit 
in the ones in between. In this study it 
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Figure 4: The inddence of period,(Jntal disease, (P.I.) in diabetic patients ma-
nifesting 0, 1, Oil" more than 2 types of general complications. - Patients aged 
40-59 years. 
was decided not to attempt any such clas-
sification of patients. The periodontal sta-
tus was compared to individual findings 
such as blood sugar, without any grouping 
of patients into classes. 
It was not possible to relate perio-
dontal disease to duration of diabetes. 
Finestone and Boorujy (1967) obtained 
higher P.!' values in patients with a longer 
duration of the general disease. However, 
duration of a disease in patients of vary-
ing age can produce results which are not 
always strictly comparable. Moreover, 
periodontal disease is well known to 
increase in prevalence and severity with 
age, while on the other hand, younger 
diabetics commonly have a more severe 
diabetes, perhaps adversely affecting the 
oral condition. It would appear that dura-
tion may be a factor of importance but 
should be studied in as restricted an age 
group as possible in order to produce re-
sults from which conclusions may be 
drawn. 
Obesity is a common finding in mature 
onset diabetes, which is also the form of 
the disease most prevalent in Malta 
(Zammit Maempel, 1965). Marked obesity 
in these patients is often accompanied by 
greater difficulty in the control of their 
diabetes. With this in mind their perio-
dontal status was related to obesity, but 
without conclusive results. 
The treatment given for diabetes was 
taken as a further indication of severity. 
Finestone and Boorujy (1967) found the 
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degree of P.!' in these patients to be the 
same whether treated by insulin, oral 
hypoglycaemic drugs or diet only. In this 
study the P.!. obtained in those treated 
with insulin was higher than in those 
treated with oral hypoglycaemic drugs 
and this again was higher than in those 
under dietary control only. This was true 
for both the groups of patients aged 40-49 
and 50-59 'years. This finding would ap-
pear to indicate that the oral status may 
be related to the severity of the general 
disease, a fact of importance in the treat-
ment planning of such patients. 
Blood sugar levels and periodontal 
disease levels have been investigated by 
many workers. Cheraskin and Ringsdorf 
(1965) obtained a definite relationship 
between gingival disease and hypergly-
caemia. Finestone and Boorujy (1967) ob-
tained a marked rise in P.!' values with 
increasing blood sugar levels. In the 40-59 
year-old patients observed in this study, 
a definite rise in P.!. values occurred when 
compared with fasting blood sugar levels 
and with two-bour blood sugar levels. Re-
sults were more marked in the case of the 
fasting blood, sugar. A tentative conclu-
sion that merits further study is that care-
ful control of hyperglycaemia in these 
patients may lessen the component that 
diabetes adds to periodontal disease and 
consequently its severity and perhaps 
response to treatment. 
In view of the degenerative changes 
observed in the supporting tissues of the 
teeth in diabetes (Stahl et aI., 1962; 
McCullen et aI., 1965) it has been sug-
gested that the oral condition can be re-
garded as yet another diabetic complica-
tion. Finestone and Boorujy (1967) sug-
gested that some factor in diabetes pre-
disposes to degenerative complications 
and may be influential in the pathogenesis 
of periodontal disease. In his study, higher 
P.!' scores were obtained in patients with 
more diabetic complications. Similar re-
sults were obtained in this investigation 
where the complications were grouped 
in the same way. If this finding can be 
taken at face value, then investigation of 
patients with severe periodontal disease 
may be of value in diabetes detection. 
No relation was demonstrated be-
tween the incidence of "dry socket" and 
levels of fasting blood sugar. Sheridan 
et al. (1959) also failed to obtain such a 
relationship. This does not however, mean 
that a higher incidence of dental post-
operative complications is excluded in 
diabetics as compared with non-diabetics. 
A further investigation including non-
diabetic controls is in progress. 
This preliminary study seems to agree 
with results obtained elsewhere that dia-
betes has an influence on the course of 
periodontal disease. Oral pathology of the 
gingival tissues in Malta is found early 
even in children of three years of age 
(Mangion and Olivieri-Munroe, 1968). 
This progresses steadily to frank perio-
dontal disease in early adult life and is a 
major cause of tooth loss in the mature 
adult. Caries has been shown to be low 
in comparison with other countries. The 
diabetic patient presents a special prob-
lem and demands early dental care and 
preventive treatment if his general dis-
ease is not to tip the balance and lead to 
early loss of teeth and an edentulous 
mouth. Many of the patients examined had 
never been to a dentist in their lives, while 
over 90% had attended only for emer-
gency dental extractions or for provision 
of a dental prosthesis. Conservative treat-
ment was virtually nil. None of the 227 
patients had ever attended for routine den-
tal care. There are moreover a large num-
ber of undetected diabetics who are un-
aware that they should give greater at-
tention to their periodontal health. A re-
cent study has shown that for every known 
diabetic in Malta, there is one undiagnos-
ed (Zammit Maempel, 1965). 
The concept that diabetes can affect 
even indirectly the prognosis and course 
of periodontal disease is of importance in 
public health dentistry especially in areas 
such as Malta where there is a simulta-
neous high prevalence of both conditions. 
Diabetic patients should be sought out 
and should receive preventive treatment 
and dental education, if their masticatory 
apparatus is to be preserved into late 
adult life. 
Summary 
1. The role of diabetes mellitus in 
the causation of periodontal disease is dis-
cussed and investigated in 227 patients, all 
under treatment for the disease. 
2. No relationship was shown to 
exist betwefm duration of diabetes and 
obesity, as compared with periodontal 
disease. 
3. The periodontal disease in patients 
under insulin therapy was more severe 
than in those receiving oral hypoglycaemic 
drugs and least severe in those under 
dietary control only. 
4. Patients with higher levels of 
fasting or two-hour blood sugar showed 
a more severe periodontal condition. 
5. Patients with a higher incidence 
of general diabetic complications also ma-
nifested higher P.I. levels. 
6. No relationship between the inci-
dence of "dry socket" following tooth ex-
traction and fasting blood sugar levels 
could be demonstrated. 
Acknowledgements 
I am very grateful to Professor J. E. 
Debono, Head of the Diabetes Clinic, St. 
Luke's Hospital, for enabling this study to 
take place by kindly referring patients to 
the Dental Department, and for allowing 
the diabetes records of these patients to 
be consulted for the purpo:e of this inves-
tigation. 
17 
References 
ASATOOR, A. and KING, E.J. (I954) Biochem. J., 
65, xliv. 
BELTING, e.M., HINIKER, J.J. and DUMMETT, C.O. 
(1964). J. Periodont., 35, 26. 
CAMILLER1, G.E. (I966) St. Luke's Hosp. Gaz., T, I3. 
CHERASK1N, E. and RINGSDORF, \V.M. (1965) J. Dent. 
Res., 44, 48!. 
COHEN, M., SCHKLAR, G. and YERGANAN, G. (1966) 
D:abetes, IS, 53!. 
D'INGIANNI, V (1946) New Orleans M., S.J., 98, 368. 
FINESTONE, A.J. and BOORuJY, S.R. (1967) Diabetes, 
16, 336. 
HARDING, V.J. and DOWNS, e.E. (1933). J. bioI. 
Chem., 101, 457. 
MANGION, J.J. and OLIVIERI-MmIROE, e. (1<)68) 
Paper read at the Internatconal Symposium on 
Dental Hygiene Educat:on (Rome). 
MCCULLEN, M., GOTTSEGER, R., LEGG, M. and 
CAMERINI-DAVALOS, R. (1965) Abstr. 56, LA.D.R. 
Abstr. 
OLIVIERI-MuNROE, e. (1968). Brit. dent. J., 124, 177· 
RusSELL, A.L. (1956) Publ. Hlth. Rep. (Wash.) 
7I, 626. 
RAY, H.G. and ORB AN, B. (1950) J. Per:odont., 
21, 98. 
SANDLER, H.C. and STAHL, S.S. (1960) J. dent. Res., 
39, 439· 
SHANNON, LL. and GIBS ON, W.A. (1965) J. dent. 
Res., 44, 28. 
SHERJDAN, R.e., CHERASKIN, E., FLYNN, F.H. and 
HUTTO, A.C. (1959) J. Periodont. 30, 242. 
STAHL, S.S., and MORRIS, A.L. (1955). J. Periodont. 
26, 180. 
STAHL, S.S., WIRKIN, G.J. and Scopp, LW. (1962) 
Oral Surg., Oral. Med. and Oral Path. IS, 1495· 
STAHL, S.S. (1966) World Workshop in Periodontics, 
129, univ. M:ch·gan. 
\\'ILL1AMS, R.C. and MAHAN, e.J. (1960) J. Amer. 
med. Ass., 172, 776. 
World Health Organization (1962) Tech. Rep. Series, 
No. 242. 
ZAMMIT-MAEMPEL, J.V. (1965) Lancet, ii, II97. 
